Parkinson disease is one of the most common neurodegenerative disorders and is characterized by the selective loss of dopaminergic neurons in the substantia nigra. Although a decrease in proteasome activity has been found in patients with sporadic Parkinson disease, the relationship between the ubiquitin-proteasome system and dopaminergic neuronal death remains to be elucidated. Here, we review a mechanism in which proteasome inhibition provides dopaminergic neuroprotection from oxidative stress. Treatment with lactacystin, a proteasome inhibitor, signiˆcantly suppressed 6-hydroxydopamine (6-OHDA)-induced toxicity and oxidative stress in PC12 cells. In addition, lactacystin enhanced glutathione synthesis via elevation of g-glutamylcysteine synthetase (g-GCS) mRNA levels. Expression of antioxidant enzymes, such as g-GCS and hemeoxygenase-1 (HO-1), is regulated by the nuclear factor-erythroid 2-related factor 2 (Nrf2)-antioxidant response element (ARE) pathway. Lactacystin induced Nrf2 accumulation and increased ARE activity. In mesencephalic cultures, lactacystin-induced upregulation of HO-1 in astrocytes contributed to dopaminergic neuroprotection against 6-OHDA-induced toxicity. These data suggest that proteasome inhibition provides cytoprotection against oxidative stress by activating the Nrf2-ARE pathway. Subsequently, we attempted to identify a novel Nrf2-ARE activator in dietary fruits and vegetables. Using bioactivity-guided fractionation, we identiˆed 2′ ,3′ -dihydroxy-4′ ,6′ -dimethoxychalcone (DDC) from green perilla leaves as the activator responsible for the increased activation of the ARE pathway. DDC upregulated g-GCS and HO-1 and protected PC12 cells against 6-OHDA-induced toxicity. In conclusion, the activation of the Nrf2-ARE pathway may be an eŠective means to prevent dopaminergic neuronal death in patients with Parkinson disease. 
A: EŠect of lactacystin on 6-OHDA-induced cytotoxicity. Cell viability was determined using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium (MTT) assay. PC12 cells were pre-treated with lactacystin (0.1 1 mM) for 24 h and then exposed to 6-OHDA (150 mM) for 24 h. B: EŠect of lactacystin on the level of intracellular reactive oxygen species (ROS) elevated by 6-OHDA. The level of intracellular ROS was measured using 2′ ,7′ -dichlorodihydro‰uorescein diacetate (H 2 DCF-DA). PC12 cells were pretreated with lactacystin (1 mM) for 24 h and then exposed to 6-OHDA (300 mM) for 30 min. Photomicrographs showing ‰uores-cence images of DCF (upper) and diŠerential interference contrast (DIC; lower). Scale bar＝50 mm. C: EŠect of lactacystin on Nrf2 protein levels. PC12 cells were treated with lactacystin (1 mM) for the indicated periods. D: EŠect of lactacystin on ARE-dependent transcriptional activity. ARE-dependent transcriptional activity was determined using the luciferase reporter assay. PC12 reporter cells were treated with lactacystin (0.1 1 mM) for 12 h. ### p＜0.001 vs. control;    p＜0.001 vs. 6-OHDA alone. 
. EŠects of Ether Extracts from Fruits and Vegetables on ARE-dependent Transcriptional Activity
PC12 cells were treated with ether extracts for 9 h. The concentrations of each extract were as follows: peach (juice), 100 mL/mL; apple (juice), 50 mL/mL; strawberry (juice), 100 mL/mL; cranberry (juice), 100 mL/mL; raspberry (juice), 100 mL/mL; satsuma mandarin (juice), 20 mL/mL; green perilla (raw leaves), 50 mg/mL; tossa jute (raw leaves), 25 mg/mL; crown daisy (raw leaves), 20 mg/mL; celery (juice), 100 mL/mL; parsley (juice), 50 mL/mL; red perilla (juice), 100 mL/mL; and crown daisy (juice), 100 mL/mL. ### p＜0.001 vs. control. 
